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SUMMARY PAGE

THE PROBLEM

To obtain a quantitative description of the perception of horizontality in the
absence of visual cues, egocentric visual localization (EVL), as a function of body

tilt up to :k 90° from gravitational upright; to study statistically the nature of in-
dividual differences and variations in this perception among three sophisticated sub-

jects tested over a period of several days.

FINDINGS

The task had adequate intratest reliability but there were considerable intertest

and intersubject quantitative variations. The pattern of visual localization of the
horizontal as a function of tilt, however, was qualitatively similar among all sub-

jects and among repeated test sessions of each subject. Around upright (within + 20°

to 40° tilt of the subject) there was on the average no significant rotational shift in

the frontoparallel plane of the visual horizontal from its true physical location. Be-

yond this range of accurate judgment, the apparent horizontal tended to co-incline
in ever increasing magnitudes with body tilt (E-phenomenon) until it reached its

limit bilaterally at approximately the 40° to 50°tilt position; it then reversed di-
rectlonr reaching a point of no deviation on the average somewhere around the 60 °

to 80 ° position. Further increase in tilt produced an increasing deviation in the di-
rection counter to tilt (A-phenomenon). The function as described is based on aver-

age curves which in themselves were not entirely smooth in form but reflected the
considerable inter-and intrasesslonal quantative variations. Responses were bilater-

ally symmetrical around the upright position in terms of constant and variable error
in one subject and in variable error only in another. Variable error among all sub-

jects followed a similar (curvilinear) function with body attitude: least deviation at
or near the upright position, increasing to a maximum usually within the middle third

of each quadrant, then decreasing beyond this point.

Training in the form of repeating the test without immediate knowledge of re-
sults did not as a rule lead to a reduction of the illusion.
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INTRODUCTION

The well-known Aubert or A-phenomenon and its counterpart, the E-phenome-

non of MLiller_ have been the subjects of numerous studies covering a period of over

one hundred years. In spite of the wealth of information accrued by these studies,
certain basic issues concerning these phenomena remain controversial or unknown.

Evidence has been found which indicates that the vestibular (otolith) apparatus acts
to reduce the illusions of movement (19) and displacement of the subjective horizontal
(20), but a complete analysis of individual causal mechanisms has not been made.

Such an analysis is hampered by the surprising scarcity or incompleteness of quanti-
tative data concerning visual localization in the absence of a visual framework. The

limited quantitative data that are available cannot be satisfactorily integrated to ob-
tain a general description of visual orientation as a function of the subjectls position
with respect to gravity because of great inter- and intraindividual differences that

are typically found in this perception. Variations in results reported among the

available studies undoubtedly derive from differences in experimental procedure, sub-
ject training, and instruction (understanding)(14).

In an attempt to reduce the influence of at least these last named factors in

causing intersubject differences in visual orientation, three sophisticated subjects
having complete knowledge of the design and purpose of the experiment were tested
by the same procedure over a period of several days.

PROCEDURE

SUBJECTS

Three of the authors served as subjects. All had good general health, normal
hearing, and normal vestibular function as indicated by their subjective responses

in the Pensacola Slow Rotation Room and scores attained bnthe Graybiel- Fregly
ataxia test battery (11).

APPARATUS

The tilting apparatus consisted essentially of a chair surrounded by a metal ring
support which could be rotated upon its supporting stand. The chair could be tilted,

by means of a hydraulic power system, around its fore and aft axis up to :t: 90 ° from

its upright position. A protector dlal placed on the rear of the chair and visible only
to the experimenter was used to indicate the tilt position of the chair to the nearest

one-half degree. The subject was adequately held within the chair by a shoulder
harness and seat belt, plus head and foot supports. In addition to the head rest, one
subject (MI) in all test sessions except the first and twelfth used a dental bite to fix

rigidly his head position with respect to the target. Attached to the tilting ring of
the apparatus was an optical system which provided a line target of collimated light



which could be adjusted in intensity and in position relative to the subject. A round
knob providing no factual cue of position was used by the subject to control the

speed and dlrection of flow of hydraulic fluid to a motor drive, which in turn caused
the target to rotate clockwise or counterclockwise about its center. The angular po-

sition of the target with respect to gravity to the nearest 0.25°was relayed to a dlal
readout, 18 inches in diameter, by means of a pair of selsyn repeater motors. The

entire apparatus was placed in a light-tight room.

METHOD

Each subject was tested essentially by the same method thirteen times, and for

the most part on consecutive days. The subject was seated, then fastened securely

with the supportive applicances in an upright position in the tilt chair. The target

was adjusted so that it appeared directly in front of the subject's right eye; his left
eye was occluded with an opaque patch. The subject was instructed to open his eyes
only when required to set, by means of the control knob placed in his right hand, the
luminous line so that it appeared horizontal. After completely darkening the test

room so that only the luminous target was visible, the subject was tilted slowly(about •
I I/2°--2 ° per sec) to each of nineteen positions. These positions covered in 10-degree

intervals the range between -90° (leftward tilt) and + 90 ° (rightward tilt)with respect

to gravity. The direction (+ or -) of tilt was alternately changed, and its magnitude
randomized. In each test session, the consecutive settings of the target to the visual
horizontal at each tilt position were made by the following method. Upon reaching

the desired tilt position, the experimenter offset the target, at randomly varying

speeds and magnitudes, then signalled the subject to reset the target to the horizontal.

W t_en satisfied with his setting, the subject closed his eyes and signalled the experi-
menter, who recorded the position of the target indicated on the instrument dlal. A

red light of low intensity was used to illuminate the dial for this reading.

RESU LTS

TEST-RETEST VARIABILITY

Constant Error +

For a given test session, the mean constant error was calculated for each subject

at each tilt position. These values were then averaged to obtain a single measure of
constant error for the test session. The values, thus calculated, for the first, second,
final, and all sessions combined were |ntercorrelated. Inspection of Table I reveals

+A difference between visual and physical space as well as a variation in response

is sometimes referred to as an error in this discussion since it is a commonly used term

in statistics. Better terminology probably would be "deviation","illusion", or "effect"

and simply "variability" for constant and variable parameters, respectively, of these
psychophy io log ica I data.
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that all eight of the mean constant error reliability coefficients computed for subject

MI are highly significant** (see footnote ++), while seven of these eight coefficients
for subjects BR and FR are significant*/**.

Variable Error

A study of variable error was made which paralleled that of constant error. The
computed test-retest correlation coefficients of the mean variable error are also shown

in Table I. Nineteen of these twenty-four (eight per subject) correlation coefficients

are significant*/**, five in subject MI, and seven each in subjects BR and FR.

INTRATEST VARIABILITY

Comparison of the First Three With the Last Three Settings

Constant error differences between the mean of the first and last three settings

of all sessions were computed for each subject in each of the nineteen tilt positions.
Significant*/** changes in magnitude of error occurred in five tilt positions in subject

MI. Four of these five changes were in the direction of increased error. Subject FR
demonstrated a significant* change (increase) at only one tilt position, while subject

BR revealed no significant change at any of the nineteen tilt positions. It was ob-

served that subject MI used considerably more time in making his judgments than either
of the other two subjects.

The correlation between the mean constant errors of the first and final three

settings for all nineteen tilt positions combined was .949", .789*, and .946* for sub-
jects BR, FR, and MI, respectively. Similarly_ the over-all correlations between the

mean variable errors of the first and last three settings for subjects BR, FR, and MI,
respectively, were .686*, .851", and .728*.

VISUAL HORIZONTAL VERSUS BODY TILT

Constant Error

The curves (narrow lines) portraying the constant errors in judging horizontality
in each test session as well as the curve (broad line) representing the average constant

error of all test sessions as a function of body tilt are shown in Figure I for each subject.

The direction of tilt of the physical horizontal as it would appear to the subject is in-
dicated in the Figure by the slope of the line within the small circles placed at the

four most deviant points of the curves for each subject. From a constant error stand--

point, the average deviation of subject MI associated with rightward and leftward tilt,

++ In the discussion to follow, a significance at .05 or better level of confidence is

denoted with superscript*, at .01 or better with superscript**.

4
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considered separately and combined, relates well to that of the other two subjects with

correlations ranging from .58 to .90 (.05 to .01 level of confidence) (Table II). In
contrast, no significant relationship in similar constant error measurements was found

between subjects BR and FR (Table II). When the over-all curve configurations (Figure
I) are considered, however, qualitative similarities are evident among the subjects in

their response to head tilt. Around the upright position, there was a certain range of

body tilt that produced no illusion. The range in which there were no significant mean
constant error differences (Table III) between response to tilt and nontilt varied with

the individual. In subject BR this range extended from upright through -20 °, in subject
FR, from + 10° through -30 °, and in subject MI, from + 10° to -10 °. Beyond these in-

dividual ranges the apparent visual horizontal tended to incline in the same direction
(E-phenomenon) as body tilt. The increasing inclination of the subjective horizontal

in proportion to tilt reached its limit bilaterally at approximately the 40- to 50- de-

gree position, then it reversed direction, resulting in a progressive reduction in the
magnitude of deviation until a body inclination, 60 °- 80°on the average, was reached

in which the subjective was coincident with objective horizontal. Tilting of the head

beyond this point produced further illusory displacement in the direction counter to
head inclination (A-phenomenon). In all cases, the average deviation in the Aubert
direction continued to increase with head inclination beyond the point of shift from E-

to A-phenomenon so that the greatest Aubert deviation occurred at the maximum po-
sitions (:1:90 ° ) of tilt used in this study. As revealed clearly in Figure I, this descrip-

tion is based upon the average curves (straight lines connecting average points) which
in themselves are not entirely smooth Tn form, but reflect the great intraindivldual

variance in this perception.

The experimental method in which the subject was tilted alternately rightward
then leftward could have contributed to the intraindividual, interpositional variability

reflected in the saw-tooth appearance of the curves. This seems probable as a cause

of variability based upon certain studies of Fischer (7). When the position of tilt was
varied at random and without informing the subject of the direction or magnitude of
inclination, Fischer found considerably larger varTations in settings even within one

series, compared :to his results using methods in which the subject was either always
returned to upright between tilt positions or continuously inclined in a clockwise or
counterclockwise direction. The fact that, _n the present study, considerable devi-

ations were recorded for the upright position in whlch extreme accuracy in localization
is the rule (10, 12, 20, 23, 26, 27, 29) would seem to indicate further that these visual

iudgments were biased by the positlon(s) of tilt that preceded.

Although the general configuration of each subject's mean curve was strikingly

similar, there were interindlvldual quantitative differences, such as in the points of
flexion in the curves and the maximum magnitudes of the A- and E-illusions which

ranged from about 3 °to8°and8 °to 14°, respectively. Subject FR in his judgments
of horizontality was least affected by being tilted. His mean constant errors, for

example, were significantly greater than when upright at only eleven of the other
eighteen positions (11:18), in contrast to the ratios of 16:18 for subject BR and 15:18

6



Table II

Correlations Between Subjects in Constant and Variable Error Curve Configuration

Subjects Ti It

BR,/FR

BI_MI

FI_MI

* P <.05

** P <__.01

Bi lateral

rC.E. rS.D.

.36 .85"*

.55"* .62**

.79"* .47"

Rightwa_ Leftwa_

rC.E. rs. D. rC.E. rs. D.

.43 .73* .40 .85**

.68" .45 .73" .60

.90"* .10 .70" .72"
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for subject MI (Table III). Interindividual differences in the magnitude of the A- and

E-_llusions can also be demonstrated in significant constant error differences found: I)

between subjects FR and MI in fifteen of the eighteen inclined positions, 2) between
subjects BR and MI in fourteen of the eighteen inclined positions, and 3) between sub-

jects BR and FR on sixteen of the eighteen. Even in the upright position the subjects
differed significantly* from each other.

Variable Error

Differences between subjects in terms of mean variable error (standard deviation,

Table III) in judging the visual horizontal are presented graphically in Figure 2. Sub-

ject MI differed significantly* from subject FR at six positions and from subject BR at
four positions, whereas subject FR differed significantly* from BR at three positions.

In spite of these individual differences, the average curves of the three subiects

are similar in form. Each subject was least variable at or near the upright position and
became increasingly less consistent with greater head inclinations up to a maximum

point which fell in most cases within the middle third of each upper quadrant of tilt_

variability then tended to decrease with further tilt, yet always remained considerably

higher than that found in small angles of tilt. Passey (28) found no increase in varia- •

bility of adjustments of a tiltroom to its upright position within a range of body tilt
of 4 20o from gravitational vertical. With greater magnitudes of tilt (28 °, 42 °, 90°)

Witkir and Asch (35) measured a progressive increase in mean variability (as indicated

by the mean range in scores). Differences in individuals, apparatus (visual targets),

and methods of testing and analysis make impossible a direct quantitative comparison
of these studies with that of the present. Qualitatively, however, there would appear

to be no important conflicts among the findings of these studies with respect to varia-
bility as a function of tilt.

With respect to variable error in rightward, leftward, or bilateral tilt our sub-

jects were found to be quite similar as determined by intersubject correlations of mean
variable error. It can be seen (Table II) that six of the nine intersubject comparisons
were significant*/**.

Clockwise versus Counterclockwise Tilt Positions

In terms of both constant and variable error, only one subject (MI) revealed

similar (opposite sign) perceptual responses to rightward and leftward tilt. The nearly
perfect symmetry in the two halves of this subject's average curve, plotted as a bold

line in Figure I, is apparent and further evidenced by the highly significant* right-

left correlations of 0.95 (constant error) and 0.88 (variable error). In subject BR, on
the other hand, no significant rlght-left similarity in constant or variable error was

found with respect to the upright position, but if the fulcrum is shifted to + I0 ° the

mean constant error curve appears symmetrical. This is significant in that it indicates
an inaccurate centering of the otoliths or other gravireceptor organs within the body
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as foundfor the vestibular (21)and perceptual(22) responseof certain subjects. In

sul_ject FR a significant* correlatlon indicating symmetry was found only in the varia-

bility of his judgments of horlzontality. Bilateral differences in response of each sub-
ject can be determined also by inspection of the plots of the data as a function of head

position (Figure I).

INFLUENCE OF "PRACTICE"

Changes in the magnitude of the mean constant and variable error between per-

formance on the first and last day of testing were used to determine the practice effect
of repeated testing upon the judgment of the visual horizontal.

Constant Error

The first day versus last day comparison of the constant error values found for

each subject at each tilt position is presented in Table IV. It can be seen that changes
in both direction and nagnitude of error occurred in all subjects.

With subject MI quantitative intertrial changes in constant error were significant
*/** except those for positions + 50 ° +90 ° -10 % -20 °, -40 °, -60 °, and -80 °. Im-

proved accuracy in localizing the horizontal, however, was found in only five of

twelve tilt positions in which there were significant changes. The magnitude of the
constant error for subject FR changed significantly*/** at all tilt positions except +50 °

+60 °, +70 °, +90 ° , and-70 ° . Seven of these thirteen significant changes revealed im-

proved performance from the first to the last day. In the case of subject BR, all dif-
ferences except those at the + 10°, + 20 °, + 50 ° -60 °, and -70 ° positions are signifi-

cant*/**. Eight of the eleven significant differences indicated an increase in accuracy

on the final test day.

Variable Error

First day with last day comparisons of the variable errors of each subject are pre-

sented in Table V. With subject MI, differences were slgnlficant*/** at eleven of the
nineteen positions. In eight of the tilt positions variabillty decreased between the

first and final day.

With subjects FR and BR only six differences were significant*/**, and all of

these save one for each subject represent a decrease in variability between the first
and last day.

INFLUENCE OF A FIXED HEAD POSITION

In general, in the case of subject MI it would be impossible to identify the data
curves of those sessions (first and last) in which the head was not rigidly fixed from

amongst those curves representing the results obtained in those sessions in which a

II
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dental bite brace was used (Figure 3). It would appear, therefore, that rigid fixation
of the head is not a critical variable in this perception. During one session (twelve),

however, the dental bite was inserted inadvertently in such a way that the subject's
head was abducted somewhat to his right while seated upright. This produced a rela-

tive stretching of the neck muscles on the left side. Due to the fact that the body was

not perfectly restrained, a certain amount of lateral sliding movement in response to
gravity occurred which increased in the clockwlse and decreased in the counterclock-
wise direction of tilt. The results are portrayed as a solid llne curve in Figure 3. It
can be seen that the constant error configuration for the twelfth session (bite board)

differs markedly in magnitude, principally in the positive direction of tilt, from that
of the first and thirteenth sessions (no bite board). Curve differences were statistically

significant*/** at fourteen of the nineteen positions. Qualitatively, however, the
curves are similar; the correlation between session 12 and 13 was significant (r = .667).
Since the variable of neck bending was not control led, it is possible to state only that

the stimulation receptors in the neck may influence orientation as claimed by other
authors (4, 8, 33). Subject MI reported not only considerable discomfort from pro-

longed exposure to asymmetrically increased neck muscle stimulation but also consider-

ably more difficulty in judging horizontality.

DISCUSSION

Within the standard gravity field, an individual deprived of visual cues derives

a frame of reference for judging the horizontal in accord with the position of his head

and body. This reference system, however, is not rigidly fixed in space or time and
in its relationship to physical space varies remarkably with posture. The genesis of
the fluctuations of the principal axes of visual space llke their subiective localization

is unknown, but there are undoubtedly many factors involved. For example, it has

been claimed (9, 31, 32) that a target moderately inclined with respect to the principal

physical coordinates of space may appear more nearly vertical or horizontal (actually
increase in error) as a result of observation alone; the quantitative studies (9, 32) of
this factor, however, were limited to the upright position. Passey and Ray (30) in a

study involving body tilt within :1:20°of the upright position failed to find a signifi-
cant difference in the visual vertical setting between exposure and nonexposure of the

reference target for thirty seconds prior to rendering a judgment. Similar critical

studies with greater body tilts or longer observation times have not been conducted. Ex-

cept for one instance, in the present study no significant intrasessional change in con-
stant error as determined for each tilt position occurred in two of the subjects. In the

third subject (MI) who used considerably more time in making his judgments, there was
a significant increase in deviation between the first and last three settings in four of
the eighteen tilt positions. This finding would be in keeping with an effect of "visual"

tilt-adaptation, but in tilted positions one must also consider the possibility of "postur-

al" tilt-adaptation (7, 16-18, 29) and its influence upon spatial iudgments. In view of
the results of the present and former studies (2_ 20, 24-26) in which an apparent conflict
exists as to an increase, decrease, or constancy of illusion as a function of observation

time, rotation of the frame of reference in time must be highly individualistic and

14
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dependent upon the posture of the individual. The magnitude of the variable error,
on the other hand, in all subjects tested varied as a function of body attitude: least

deviation in or near the upright position, increasing to a maximum usually within the

middle third of each quadrant, then decreasing slightly beyond this point.

In spite of these temporal and pastural variations, visual localization is not a
random event in time and space but within certain limits is an orderly, predictable

product of body position. Although denied by Nagel (26) there is corroborative evi-
dence (5-7, 28, 35)that a definite proportionality exists between the posture of a sub-

ject and his visual localization. Arguments based principally upon previous studies,
however, are weakened by the fact that the observations reported were sometimes

qualitative, limited in range of tiltor to large step increases in tilt overa wide range.
The lack of more extensive quantitative measures of visual localization using the same

subjects over a period of several days, furthermore, prevented any valid statement
concerning the relative constancy of an individual's visual space as influenced by
lateral changes in pos_tlon within the gravitational force field. The data of our study,

however, clearly show that the essential character of response is typical of an indi-

vidual and apparently independent of time, at least within a period of several days

and probably longer. Fischer (6), for example, noted that his personal estimations of
the visual vertical did not change qualitatively (although there were quantitative dif-
ferences) during the course of a three-year period of experiments. Witkln (34) also

found high test-retest correlations between measures of visual orientation separated

in time by more than a year.

The data portrayed in Figure I necessarily incorporate the "noise" resulting from
the substantial intersessional and the much smaller interpositlonal variability within

any given test session. In an attemptto make the response signal "more promlnent'bnd
to provide an indication of vlsuopostural interaction effects without temporal and other
variations, the average data of MI were empirically fitted with a symmetrical curve

(Figure 4). By use of curves having the same general configuration as the average

(Figure 4), the data points of each session were similarly fitted as diagrammed in
Figure 5. It would appear from such a smoothing treatment of the data that rightward
and leftward as well as magnitudinal shifts in the maxima and minima occur from session

to session. In spite of these significant quantitative differences which appear to be

characteristic of visual orientation (6, 20, 24, 26) the wax and wane of the E- then a

shift to an ever increasing A-phenomenon as the subject was tilted laterally from up-

right gave rise to a reclining "S" pattern which would qualitatively describe the typi-
cal response of each subject used in this study. The reclining "S" pattern description

is obviously (Figure I) an oversimplification of the actual response in all cases. Among
other things, the patterns for right and left inclinations were not symmetrical for sub-

jects BR and FR. Also within a range, which varied among the subjects, of moderate

tilts from upright judgments were not significantly different from those found in the

upright position. This differs from the study of Passey (28) in which there was a small
but significant average increase in illusion (A or E) as an almost linear function of

body tilt from 0° to 20° in 5°steps. Nagel (26), at the other extreme, usually
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ol_served no illusion within :k 50 ° to + 60 ° from upright.

From this study, it should not be assumed that the reclining "S" pattern involv-
ing a shift from E- to A-phenomenon is the universal mode of response although it may

be the predominant one; Witkin and Asch (35) found that among a large group of sub-
jects the majority of judgments deviated in the E direction for moderate tilts (28 ° to
429 and in the A direction for a greater tilt (909. In this and other studies (6, 7, 24,

25,28), including unpublished data involving the testing of other subjects with the
same apparatus, important variations in pattern of response including in some cases the
complete absence of the E-phenomenon were found. Interindividual differences no

doubt reflect the many factors involved in this perception.

In the absence of visual cues one is entirely dependent in visual localization
upon the interaction of his various gravireceptor cues and subjective factors (3, 13, 20,

34). It is possible to gain some notion as to the importance of one group of cues, tactu-
al or kinesthetic, in the perception of horizontality by comparing certain of the pre-

sent experimental results with those of a previous study (20) involving subject MI only.
The two studies used a common inclination (909 of the longitudinal axis of the bodywith

respect to a gravitational vertical. In the present study the tilt chair was rotated to
achieve this attitude, while in the former study a molded Fiberglas appliance securing

the head and shoulders was oriented in the horizontal direction and the body rested in
a recumbent position on a 4-inch foam rubber mattress. The target in each study was

identical. In the older experiment subject MI consistently manifested over twice the
magnitude of Aubert phenomenon found with the tilt chair. Since the effect of prior

tilt attitudes upon judgments in each successive position in the chair experiment and

the difference in time between studies cannot be assessed, one may only hypothesize
that the reduction in localized tactual cues through a more uniform distribution of

body weight may have acted to decrease his ability to orient visually. Support to such

an hypothesis is given by Aubert (2) who noticed an increase in illusion if when lying
on his side he placed a soft cushion under his head, and Mulder (25) who observed that

the illusion for a number of subjects was generally greater if the recumbent position
was achieved with a couch rather than with his tiltlng-box apparatus. Even the intro-

duction of a soft padded seat in a tilt chair was found to reduce the precision in the
judgment of postural vertical (15).

Since little is known concerning the individual mechanisms subserving the pre-
ceptTon of horizontallty, it is only conjecture that the variability of response results
from the dynamic interplay among the vestibular, kinesthetic, and other cues. Evi-

dence has been reported (19, 23) which indicates that the vestibular organ provides
useful information for visual orientation. If this be so, then other mechanisms must

underly the illusory changes. Asymmetric stimulation of receptors located in the neck,

for example, may induce an increased amount of deviation as found in this study when
the head was abducted, although the response qualitatively was unmistakingly the same
as when the head-body were essentTally aligned.

19
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Training in the form of repeating the test without immediate knowledge of re-"

suits did not appear as a rule to reduce the magnitude of the illusion, but in certain

tilt positions there was a greater tendency for variability to decrease than to increase

with this procedure. The fact that the illusion appeared generally to be independent

of experience in such an exp@rlment has been noted by other authors (2, 25, 26).

II.

12.

15.

16.

17.

18.

19.

20.

21.

22.

Graybiel, A., and Fregly, A. R., A new quantitative ataxia test battery. NSAM-
919. NASA Order No. R-93. Pensacola, Fla.: Naval School of Aviation Medi-
cine, 1965.

Jastraw, J., On the judgment of angles and positions of lines. Amer. J. _.,
5:214-248, 1893.

Kleint, H., Versuche iJber die Wahrnehmung. Z. P__,chol., 140:109-138, 1937.

Mann, C. W., and Boring, R. O., The role of instruction in experimental space
perception. J. exp. Psychol., 45:44-48, 1953.

Mann, C. W., Berthelot - Berry, N. H., and Dauterive, H. J., Jr., The per-

ception of the postural vertical. Visual and non-labyrinthlne cues. J. exp.

_., __39:538-547' 1949.

Mann, C. W., and Passey, G. E., The perception of the vertical. V. Adaptation
effects. NSAM-468. Pensacola, Fla.: Tulane Univ. and Naval School of

Aviation Medicine, 1949.

Mann, C. W., and Passey, G. E., The perception of the vertical. VIII. Ad-
justment to the vertical as a function of the magnitude of tilt and the duration

of exposure. J. exp. Psychol., 41:108-113, 1951.

Mann, C. E., Passey, G. E., and Ambler, R., The perception of the vertical.

VII. Effect of varying intervals of delay in a tilted position. NSAM-471.
Pensacola, Fla.: Tulane Univ. and Naval School of Aviation Medicine, 1950.

Miller, E. F. II, and Graybie_, A., Comparison of autokinetic movement per-
ceived by normal persons and deaf subjects with bilateral lakyrinthine defects.
Aerospace Med., 33:1077-1080, 1962.

Miller, E. F. II, and Graybiel, A., Rotary autokinesis and displacement of the

visual horizontal associated with head (body) position. Aerospace Med., 34:
915-919, 1963.

Miller, E. F. It, and Graybiel, A., A comparison of ocular counterrolling move-

ments between normal persons and deaf subjects with bilateral labyrinthine de-

fects. An.___n.Otol.____.,72_.'885-893, 1963.

Miller, E. F. II, and Graybiel, A., Magnitude of gravitoinertial force, an in-
dependent variable in egocentric visual localization of the horizontal. J. exo.



ol_served no illusion within ± 50 ° to ± 60 ° from upright.

From this study, it should not be assumed that the reclining "S" pattern involv-

ing a shift from E- to A-phenomenon is the universal mode of response although it may
be the predominant one; Witkin and Asch (35) found that among a large group of sub-

jects the majority of judgments deviated in the E direction for moderate tilts (28 ° to
42 a) and in the A direction for a greater tilt (90_. In this and other studies (6, 7, 24,

25,28), including unpublished data involving the testing of other subjects with the

same apparatus, important variations in pattern of response including in some cases the
complete absence of the E-phenomenon were found. Interlndividual differences no

doubt reflect the many factors involved in this perception.

In the absence of visual cues one is entirely dependent in visual localization

upon the interaction of his various gravlreceptor cues and subjective factors (3, 13, 20,
34). It is possible to gain some notion as to the importance of one group ofcuest tactu-

al or kinesthetic, in the perception of horlzontality by comparing certain of the pre-

sent experimental results with those of a previous study (20) involving subject MI only.

The two studies used a common inclination (90 _) of the longitudinal axis of the bodywith
respect to a gravitational vertical. In the present study the tilt chair was rotated to

achieve this attitude, while in the former study a molded Fiberglas appliance securing
the head and shoulders was oriented in the horizontal direction and the body rested in

a recumbent position on a 4-inch foam rubber mattress. The target in each study was
identical. In the older experiment subject MI consistently manifested over twice the

magnitude of Aubert phenomenon found with the tilt chair. Since the effect of prior

tilt attitudes upon judgments in each successive position in the chair experiment and
the difference in time between studies cannot be assessed, one may only hypothesize
that the reduction in localized factual cues through a more uniform distribution of

body weight may have acted to decrease his ability to orient visually. Support to such

an hypothesis is given by Aubert (2) who noticed an increase in illusion if when lying
on his side he placed a soft cushion under his head, and Mulder (25) who observed that

the illusion for a number of subjects was generally greater if the recumbent position

was achieved with a couch rather than with his tilting-box apparatus. Even the intro-
duction of a soft padded seat in a tilt chair was found to reduce the precision in the
judgment of postural vertical (15).

Since little is known concerning the individual mechanisms subserving the pre-

ception of horizontality, it is only conjecture that the variability of response results
from the dynamic interplay among the vestibular, kinesthetic, and other cues. Evi-

dence has been reported (19, 23) which indicates that the vestibular organ provides
useful information for visual orientation. If this be so, then other mechanisms must

underly the illusory changes. Asymmetric stimulation of receptors located in the neckt

for example, may induce an increased amount of deviation as found in this study when
the head was abducted, although the response qualitatively was unmlstakingly the same

as when the head-body were essentially aligned.
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Training in the form of repeating the test without immediate knowledge of re--"

suits did not appear as a rule to reduce the magnitude of the illusion, but in certain

tilt positions there was a greater tendency for variability to decrease than to increase

with this procedure. The fact that the illusion appeared generally to be independent
of experience in such an experiment has been noted by other authors (2, 25, 26).
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